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TECHNICAL REPORTS
Water Quality
Fecal Bacteria in Agricultural Waters of the Bluegrass Region of Kentucky
J. M. Howell, M. S. Coyne,* and P. Cornelius
ABSTRACT
Agricultural runoff influenced by nonpoint pollution frequently
exceeds the USEPA standards for bacterial contamination of primary
contact water (200 fecal coliforms/100 mL). Few studies bave evaluated
the effect of cattle (Bos taurus) grazing on fecal contamination of
ground water in the karst topography of central Kentucky. Our objec-
tives were to: (i) observe the extent and pattern of fecal bacteria
in agricultural waters from two central Kentucky watersheds; (U)
determine if monthly sampling accurately assessed the extent and
variability of fecal contamination; and (iii) assess the fecal coliform/
fecal streptococci ratio (FC/FS) as an indicator of fecal bacteria source.
Springs, streams, and wells in two agricultural watersheds typical
of central Kentucky were monitored for fecal coliform and fecal
streptococci from December 1991 to January 1993. Springs and wells
exceeded primary contact water standards, between 28 and 74% of
the time; streams exceeded water quality standards between 87 and
100% of the time. When fecal bacteria were present, rainfall rapidly
moved them from the soil surface into spring and well water. At two
springs in Fleming county, only 29% of samples exceeded primary
contact standards before cattle were present; 80% exceeded standards
after cattle began grazing the surrounding pasture. Monthly sampling
adequately reflected the extent of fecal contamination in our study,
which had relatively continuous cattle grazing. Although the FC/FS
ratio identified domestic animal contamination sources, it did not
distinguish between domestic animal and human sources of contam-
ination.
GROUNDWATER POLLUTION is an understandable con-cern for rural Americans. Ninety-five percent of
rural residents in the USA who supply their own water
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rely on groundwater as their primary source (flvento et
al., 1992). Agricultural practices that promote nonpoint-
source pollution are a growing issue in rural areas. One
pollution source is fecal contamination from domestic
cattle (Bos taurus). Numerous studies show that agricul-
tural runoif from pastures contains fecal bacteria concen-
trations, which frequently exceed the USEPA standard
for primary contact water (200 fecal coliform/100 mL)
(Doran and Linn, 1979; Jawson et al., 1982; Kunkle,
1970; Niemi and Niemi, 1991; Stephenson and Street,
1978).
Watershed characteristics, land use management, and
the proximity of domestic animals to streams play an
important role in the severity of fecal contamination
(Tiedemann et al., 1988). Cattle grazing increases fecal
coliform in agricultural runoif compared with back-
ground fecal coliform levels (Dixon et al., 1977; Doran
and Linn, 1979; Gary et al., 1983; Stephenson and Street,
1978; Tiedemann et al., 1988). When cattle are allowed
to graze directly adjacent to streams, stream banks and
bottoms became significant bacterial reservoirs (Kunkle,
1970).
Several studies have been done on pastoral cattle graz-
ing as a nonpoint source of pollution in the western USA
(Doran and Linn, 1979; Jawson et al., 1982; Tiedemann
et al., 1988). However these studies focused on stream,
not groundwater contamination, and do not adequately
represent the geological conditions and cattle manage-
ment systems in the southeastern USA. Subsurface trans-
port of bacteria to shallow springs and wells is a concern
in karst areas where groundwater is utilized as a drinking
water source. Our first objective was to observe the
extent and pattern of fecal bacteria contamination hi
Abbreviations: FC/FS, fecal coliform/fecal streptococci ratio; MUG,
4-methylumbelliferyl-p-D-glucuronide; CFU, colony forming unit.
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springs, streams, and wells of two typical agricultural
watersheds in the Bluegrass region of Kentucky and
determine how often these agricultural waters exceeded
USEPA standards for minimum contact or swimming
water.
Economical nd reliable water quality assessments are
essential for effective water quality management (Cotter,
1985). Monthly sampling, while cost effective, may not
reflect water quality variation due to water flow dynamics
(Thomas et al., 1992). Fecal contamination of agricul-
tural waters reflects complex interactions affecting the
survival, infiltration, and movement of enteric organisms
in soil, water, and sediment. Since these interactions are
dynamic, fecal bacteria concentrations can vary dramati-
cally with time at any given site. Diffuse loading of fecal
contamination causes wide variations in fecal bacteria
concentrations (Niemi and Niemi, 1990). Davis et al.
(1977) suggested that one sample taken on a monthly
basis may not represent water conditions throughout the
period before subsequent samples are taken. Our second
objective was to determine if monthly sampling of ag-
ricultural waters accurately assessed the extent and vari-
ability of fecal contamination.
Rural agricultural waters receive three principle
sources of fecal bacteria: human, domestic animal, and
wild animal. To properly assess fecal contamination of
a site, it is necessary to identify the contamination source.
Geldreich (1976) suggested that the fecal coliform/fecal
streptococci ratio (FC/FS) could be used to differentiate
between contamination from human (FC/FS > 4), domes-
tic animal (FC/FS between 0.1 and 0.6), and wild animal
(FC/FS < 0.1) sources. Mean FC/FS ratio has been used
to characterize some sites (Doran and Linn, 1979; Jawson
et al., 1982). The frequency of FC/FS ratios representa-
tive of each contamination source has also been used
(Tiedemann et al., 1988). Doran and Linn (1979) indi-
cated that the FC/FS ratio is useful in distinguishing
between domestic animal and wild animal sources of
contamination, but its usefulness in differentiating be-
tween human and nonhuman sources of contamination
is questionable. Our third objective was to determine
whether the FC/FS ratio could be used to identify sources
of fecal contamination i agricultural springs, streams,
and wells.
DESCRIPTION OF STUDY SITES
This research was done on two watersheds located in
central Kentucky, one in Bourbon County and one in
Fleming County. These sites reflect agricultural systems
common to central Kentucky. Land use is intermixed
grain, hay, and tobacco (Nicotiana tabacum L.) crop-
razed pastures, feedlots, dairy lots, and forested
Fhe soils of both counties are common to central
Kentucky. They are deep, well drained soils on undulat-
ing broad ridgetops and moderately deep or shallow,
well-drained soils on hilly uplands, formed in residuum
from limestone or interbedded shale and limestone (G.W.
Thomas and J. Haszler, 1994, personal communication).
Bourbon County
The geology of Bourbon County, interbedded lime-
stone and shale or limestone with karst topography, is
typical of the inner Bluegrass region of Kentucky. The
Bourbon County watershed is dominated by .Lowell (fine,
mixed, mesic Typic Hapludalf), Maury (fine, mixed,
mesic Typic Paleudalf), and McAfee (fine, mixed, mesic
Mollic Hapludalf) silt loam soils. Soil depth to bedrock
ranges from 51 to 102 cm for the McAfee soil and 152
to 305 cm for the Maury soil (Richardson et al., 1982).
Water samples were taken from four springs and two
streams on a beef farm (Fig. I). Throughout the sampling
period, Bourbon County water temperatures fluctuated
between 8.3 and 14.2°C for springs and between 5.4
and 25.1 °C for streams.
In 1992, the Bourbon County watershed was approxi-
mately 583 ha with 2% of the land in tobacco, 15% in
corn (Zea mays L.), 4% in soybean [Glycine max (L.)
Merr.], and 79% in hay-pasture. Approximately 400
beef cattle were managed at a stocking rate of one head
per hectare. Table 1 shows the land use for each site in
Bourbon and Fleming County (G.W. Thomas and J.
Haszler, 1994, personal communication). The Bourbon
County farm is representative of typical beef cattle man-
agement in the Bluegrass region of Kentucky. Pastures
are intensively grazed, then left to fallow for varying
periods. In the winter, hay is fed to cattle in some
pastures, which concentrates cattle in small areas. Cattle
were present at least once on all sites during the study,
except at Spring B2, which was located below a house.
Fleming County
The geology of Fleming County, interbedded shale
and limestone with some karst topography, is common
to the outer Bluegrass region of Kentucky. The Fleming
County watershed is dominated by Faywood (fine,
mixed, mesic Typic Hapludalf) and Lowell silt loams,
~nd Cynthiana (clayey, mixed, mesic Lithic Hapludalf)
silty clay loam soils. Soil depth to bedrock ranges from
25 to 51 cm for the Cynthiana soil and 102 to 183 cm
for the Lowell soil (Jacobs, 1994). Water samples were
taken from two springs, two wells, and one stream at a
dairy farm in Fleming County (Fig. 2). Throughout the
sampling period, Fleming County water temperatures
fluctuated between 8.5 and 14.9°C for springs and wells,
and between 3.9 and 25.1 °C for streams.
In 1992, the Fleming County watershed was approxi-
mately 145 ha with 5.5% of the land used for tobacco,
84.5 % in hay-pasture, and 10% in woods and miscellane-
ous use (Table 1). The Fleming County watershed con-
tained approximately 50 beef cattle and 85 dairy cattle.
A dairy parlor and feedlot were adjacent to Wells F5
and F4, and Stream F3. Springs F1 and F2 were located
at the top of the watershed in a pasture above the dairy
farm. Cattle were moved on and off the pasture through-
out the study.
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Fig. I. Location of sampling sites within the Bourbon County watershed.
MATERIALS AND METHODS
Sites were sampled on Tuesday, a predetermined ay, to
avoid sampler bias due to inclement weather (Thomas et al.,
1992). Sites were sampled weekly, when possible, from Janu-
ary 1992 to July 1992 and monthly from July 1992 to January
1993. Spring and stream water samples were taken by hand
using sterile plastic bags. A sterile plastic bottle taped to a
golf ball retriever was used to sample well water. Well water
was then transferred to a sterile plastic bag. A total of 302
samples were taken and analyzed throughout he study.
Five hundred-milliliter water samples were collected, stored
on ice, and plated on selective media within 24 h. Fecal
coliforms and fecal streptococci were enumerated by membrane
filtration utilizing sterile gridded cellulose filters with a 0.45-
micron nominal pore size (Micron Separations, Westboro,
MA) (APHA, 1992). Replicate filters were made from each
water sample. The appropriate sample volume was estimated
by observing the cattle loading rate and previous precipitation
pattern for each sample site and date. Fecal streptococci were
incubated on Kenner Fecal Streptococcus (KFS) agar (Difco
Corp., Detroit, MI) for 44 + 4 h at 35°C in an incubator.
Fecal coliform were incubated on M Fecal Coliform (MFC)
agar (Difco) for 22 + 2 h at 44.5°C in a constant emperature
water bath.
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Table I. Land use for Bourbon and Fleming County sampling
sites.
Sampling Water
site source Major land use in 1992
Bourbon Co.
B1 Spring
B2 Spring
B3 Spring
IM Spring
B5 Stream
B6 Stream
Fleming Co.
F1 Spring
F2 Spring
F3 Stream
F4 Well
F5 Well
Pasture, hay, corn, soybean, and beef cattle
Hay, alfalfa, and a house
Pasture, hay, corn, and beef cattle
Pasture, hay, corn, soybean, and beef cattle
Pasture, hay, corn, soybean, and beef cattle
Pasture, hay, corn, soybean, and beef cattle
Pasture, hay, beef and dairy cattle
Pasture, hay, beef and dairy cattle
Pasture, hay, feed lot, and dairy cattle
Pasture, hay, dairy parlor/feed lot, and house
Pasture, hay, feed lot, and dairy cattle
Several criteria are needed for an accurate source identifica-
tion by the FC/FS ratio: stream travel time of <24 h, >100
fecal streptococci/100 mL, and sample pH between 4 and 9
(Geldreich, 1976). The FC/FS ratio data we report in this
study meet hese criteria.
Early in the study, presumptive f cal coliform were tested
for glucuronidase activity and for positive identification of
Escherichia coli (Rice et al., 1991) to ensure the accuracy 
the fecal coliform enumeration. Colonies of varying size,
shape, and color from MFC agar plates were inoculated into
broth containing 4-methylumbelliferyl 13-D glucuronide
(MUG), which indicates glucuronidase activity, when the fluo-
rescent product 4-methylumbelliferyl is released. The number
of false negative (MUG-) E. coli in environmental samples
from similar locations is <2.5% (Coyne and Shuler, 1994).
Only characteristic colonies that invariably had glucuronidase
activity were counted throughout the study.
Water temperatures were measured by a Fluke 51 K/J ther-
mometer. Precipitation data was obtained from the National
Climatic Data Center’s Climatological Data Annual Summary,
which provided rainfall data for, both counties (NOAA, 1992).
The data presented are the sum of precipitation for the 2 d
preceding sampling and the sample day.
Statistical comparisons and LSMeans were determined on
the Statistical Analysis System (SAS Inst., 1992) using the
Mixed procedure. We used Toeplitz and Exponential covari-
ance structures with Log Likelihood Ratio tests to find a suitable
model for the variance-covariance structure of the residual
errors before LSMeans and contrasts were done.
Data were analyzed by SAS procedure Mixed using the
model yij = ~t + si + d~ + eij where ~t is the overall mean,
si the effect of the ith site (considered fixed), d~ the effect 
the jth day (considered random), and eij a residual error.
Preliminary investigation of the variance-covariance structure
of the residual errors indicated that observations within a site
that were close together in time were highly correlated, but
the correlation became l ss as the time between observations
increased. The Exponential covariance structure was used in
the final analysis to compute LSMeans and tests of contrasts.
RESULTS AND DISCUSSION
Extent and Pattern of Fecal Contamination
Water quality standards were frequently exceeded by
nonpoint source fecal contamination. Mean fecal coliform
concentrations exceeded primary contact standards for all
sites and in 7 of 11 sites more than 50% of the samples
exceeded primary contact water standards (Table 2).
Wells
Well F5 had significantly more fecal coliforms (P 
0.043) and exceeded primary contact water standards
more frequently than Well F4 (P = 0.002) (Table 
Well F5 was located below a feedlot and 3 m from
Stream F3. Fecal contamination in the well may have
been due to bacterial influx from Stream F3, which was
contaminated by fecal coliform throughout the study
(Table 2). Rahe et al. (1978) found that E. coli were
transported 30 m laterally through soil from injection
wells. Hagedorn et al. (1978) found that fecal bacteria
transport through soil was maximal during the rise of
the water table following rain.
Well F5 may also frequently exceed primary contact
standards because of its construction and depth. Well
F4 is 8 to 9 m deep and lined with concrete, but Well
F5 is only 3 to 4.5 m deep and lined with creek rock.
Ilvento et al. (1994) found that poorly constructed shallow
wells are more likely to exceed maximum contaminant
levels than properly constructed deeper wells.
Springs
Springs frequently exceeded primary contact water
standards, but there were periods when fecal coliform
were not detectable (Table 2). In two springs in Fleming
County (F1 and F2) that were in the same pasture but
physically separated, only 29% of the samples exceeded
primary contact standards before cattle were present.
After cattle began grazing the surrounding pasture, 80%
of the samples exceeded primary contact standards. As
long as cattle remained on site, from March through
December, fecal coliform concentrations rose above av-
erage precattle levels with each rainfall event (Fig. 3).
Due to low rainfall from July 1992 until October 1992,
Springs F1 and F2 contained fewer than 400 fecal coli-
forms/100 mL and were periodically dry.
F~al coliform concentrations in springs were not sig-
nificantly different between counties (P = 0.302), but
primary contact standards were exceeded more often by
Fleming County springs than Bourbon County springs (P 
0.004) (Table 2). This was probably due to differences 
cattle management. At the Bourbon County site, pastures
were grazed sporadically while the pasture surrounding
Springs F1 and F2 in Fleming County was continuously
grazed from March 1992 until January 1993.
Another reason Fleming County springs exceeded pri-
mary contact standards more frequently than Bourbon
County springs could be because the soils are shallower.
Deeper soils may trap more fecal bacteria than shallow
soils. Maury and Lowell silt loams, with soil depth to
bedrock ranging from 102 to 305 cm, are the dominant
soils surrounding the Bourbon County springs. The
Fleming County Springs F1 and F2 are dominantly over-
lain by a Cynthiana silty clay loam with a depth to
bedrock of between 25 to 51 cm.
For springs and wells (groundwater) to regularly ex-
ceed primary contact standards for fecal coliform, bacte-
ria must be transported through soil. Macropore transport
of water and solutes bypasses the soil matrix in well
structured soils (Thomas and Phillips, 1979). Bacteria
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Fig. 2. Location of sampling sites within the Fleming County watershed.
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may also bypass the filtering affects of the soil matrix
if pores are large enough. Smith et al. (1985) showed
that rapid fecal bacteria movement occurs through intact
soil columns.
A source of fecal bacteria, along with a driving force
like rainfall, must be present to move fecal bacteria
through soil into a spring or well. Although fecal bacteria
persist in manure deposits (Thelin and Gifford, 1983),
springs and wells are protected until there is a rain that
moves the bacteria through soil.
~tremll~
Fecal coliforms were always present in streams, and
almost always exceeded primary contact water standards.
Streams also had the highest mean fecal coliform concen-
trations (Table 2).
Fecal coliform concentrations increased in streams
after rainfall and when cattle were present. Unlike
springs, high fecal coliform concentrations were ob-
served in the absence of either rain or cattle. Several
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Table 2. Minimum, mean, and maximum fecal coliform concen-
trations (fecal coliforms/100 mL) and the percent of samples
exceeding USEPA primary contact water standards (200 fecal
coliforms/100 mL) for springs, streams, and wells in Bourbon
and Fleming Counties.
Percent
of samples Fecal coliforms/100 mLSampling No. of exceeding
site samples standards Minimum Mean Maximum
Bourbon Co.
Springs
B1 25 28at 0 547a 4 000
B2 32 57bc 0 1985abc 20 000
B3 32 28a 0 510a 4 000
114 31 47ab 0 ll81ab 15 000
Streams
B5 25 94ef 80 5842d 24 900
B6 31 88def 10 4690cd 21 050
Fleming Co.
Springs
F1 27 58bc 0 l152ab 6 750
F2 21 70cd 0 2718abc 15 000
Streams
F3 28 100f 1350 12013e 32 200
Wells
F4 24 39ab 0 884a 4 000
F5 26 74cde 65 3872bed 23 850
Percents and means with the same letter are not different at Q = 0.05.
Table 3. Mean fecal coliform concentrations (CFU/100 mL, colony
forming unit) and the percent of samples exceeding primary
contact water standards estimated by monthly and weekly sam-
piing for each site.
Mean fecal Percent of samples
coliform conc. exceeding standards
Sampling Monthly Weekly Monthly Weekly
site sampling sampling sampling sampling
Bourbon Co.
Springs
B1 509 427 20 27
B2 910 847 87 66
B3 344 579 43 43
B4 2 484 1 636 71 51
Streams
B5 8 882 8 475 100 100
B6 10 422** 7 039** 86 80
Fleming Co.
Springs
F1 1 227 1 249 85** 59**
F2 1 757 3 316 83 77
Streams
F3 15 277 13 598 100 100
Wells
F4 1 519 1 225 63 49
F5 8 160"* 5 663** 71 72
** Indicates significant differences between monthly and weekly sampling
means and percents at a = 0.05.
studies have documented fecal coliform survival and
regrowth in stream sediments (Sherer et al., 1988, 1992;
Stephenson and Rychert, 1982). Sherer et al. (1988)
found that fecal bacteria in sediments could be resus-
pended after stream bottom disturbance.
At Bourbon County Streams B5 and B6, we observed
the effect of cattle presence and absence on fecal coliform
concentrations (Fig. 4). Cattle were rotated on and offthe
pastures surrounding Streams B5 and B6. Fecal coliform
concentrations in both streams were quite variable. Cattle
grazed the area surrounding Stream B5 from December
1991 to April 1992. When they were present, the fecal
coliform concentration remained >200 fecal coliforms/
100 mL, the primary contact standard, and fluctuated
between a minimum of 380 fecal coliforms/100 rnL and
a maximum of 20000 fecal coliforms/100 mL. Four
weeks after cattle were removed from Site B5, the fecal
coliform population reached its maximum of 24 900 fecal
coliforms/100 mL and remained elevated through May.
While cattle were absent from the pasture surrounding
Stream B6 from the second sampling date in January
until March, fecal coliform concentrations remained
<250/100 mL. While cattle were grazing the pasture,
from the last sampling date in March until the second
sample date in April and again on the first sample date
12 4
~ 10"
l
"3 ~
E~ I ~
J F M A M J J A S O N D
Sample Date
Fig. 3. F~ cofifo~ concent~fio~ in ~e~ Coun~ Sp~ F1 (&) ~d ~ (~) ~ ~uenc~ by ~ ~d ~e pr~nce. 
repent ~ (c~3 d). Ca~e were p~ent ~er ~e ~te ~t~ by the ~ow.
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in May, fecal coliform concentrations remained >10 000/
100 mL. After cattle removal in May, fecal coliform
concentrations remained >15 000/100 mL throughout he
month.
The high fecal coliform populations in Streams B5
and B6 after cattle removal were probably due to the
warmer temperatures with the onset of spring. Jawson
et al. (1982) concluded from a 3-yr study that, after the
warmer weather of spring, fecal coliform numbers in
runoff increased long after cattle had been removed.
Low fecal coliform concentrations in Streams B5 and
B6 from August o December were associated with the
absence of cattle from June to December onboth sites.
Even with a large rainfall event before the November
sampling, fecal coliform concentrations in Stream B6
was low compared with concentrations before cattle were
removed.
Stream F3 received runoff from a dairy parlor and
feedlot, a point source of contamination. Beginning in
March, fecal coliform concentrations rose above 7000/
100 mL and remained elevated until June (Fig. 5). Sig-
nificantly higher fecal coliform concentrations (P 
0.001) were in Fleming County Stream F3 than in Bour-
bon County Streams B5 and Bt. However, while the
latter sites are typical of nonpoint sources of water pollu-
tion, they exce, eded primary contact water standards statisti-
cally the same as Stream F3 (P = 0.239) and had greater
fluctuation in fecal coliform concentration. These data
indicate that, in some cases, nonpoint sources of pollution
can adversely impact agricultural waters much like point
sources. They also indicate that testing compliance with
a set standard may not indicate the severity of contami-
nation.
Sampling Frequency
Fecal bacteria are monitored in natural waters to obtain
information about pollution and for testing compliance
with bacteriological standards (Niemi and Niemi, 1990).
-~ so
~ ~ 25
= o lS
i.’
O-
J F M A M J J A S O N D
Sample Oate
Fig. 5. Fecal coliform concentrations in Fleming County Stream F3
(&) as influenced by a point source of fecal bacteria. Lined bars
represent rainfall (cm/3 d).
The proper sampling frequency must be used to obtain
an unbiased reliable water quality assessment of a site
(Cotter, 1985). To compare the reliability of monthly
sampling to weekly sampling, we determined the ex-
pected variance of least squares means for monthly sam-
pling under the estimated variance-covariance structure
of the complete data from the period January 1992 to
June 1992. To determine if monthly sampling resulted in
any consistent bias in estimated means, monthly sampling
means were contrasted with weekly sampling means for
complimentary sampling dates within each site and were
tested for statistical significance.
Monthly sampling means for Stream B6 and Well F5
were significantly different (~t = 0.05) from weekly
sampling means (Table 3). The percent of time samples
exceeded primary contact standards for monthly sam-
pling was significantly different (~t = 0.05) from weekly
sampling only at Spring F1. Sampling frequency made a
difference at individual sites, but there was no significant
difference between monthly and weekly sampling means
within sites (P = 0.414), nor was the percent of time
30 4
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o= 15
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Fig. 4. Fecal coliform concentrations in Bourbon County Streams B5 (A) and B6 (e) as influenced by rainfall and cattle presence. Lined 
represent rainfall (cm/3 d).
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samples exceeded the primary contact standard for
monthly and weekly sampling significantly different
within sites (P = 0.299). These results indicate that little
bias was introduced by monthly sampling at these sites.
Since cattle were present on most sites at least once
a month, fecal coliforms were always present. With
this type of management, monthly sampling adequately
reflected fecal contamination f water. If cattle grazing
were only periodic, or short term, monthly sampling
might not accurately reflect fecal coliform concentrations
associated with grazing patterns and could result in an
inaccurate water quality assessment.
Monthly sampling may be sufficient for a general
watershed assessment. More frequent sampling may be
required to characterize population dynamics and the
factors that affect it. Sampling storm events would effi-
ciently identify maximum concentration fluxes at a site.
Fecal Coliform/Fecal Streptococci Ratio
We chose FC/FS ratios of <0.1 for wild animal and
>4.0 for human sources of contamination. Doran and
Linn (1979) suggested that FC/FS ratios between 0.7
and 4.0 could indicate cattle in close proximity to a
sampling site. Since cattle were close to our sampling
sites, we selected a FC/FS ratio of 0.1 to 4.0 to indicate
domestic animal contamination.
The mean FC/FS ratio indicated potential human con-
tamination at every site; that was unlikely (data not
shown). When we evaluated the frequency of FC/FS
ratios typical of different contamination sources, the
indicated source of contamination was consistent with
land use at each site. It was not a definitive indicator,
as Doran and Linn (1979) and Jawson et al. (1982)
suggested.
Figure 6 shows the percent of samples in each site
with FC/FS ratios indicating a specific contamination
source. Most samples from Fleming and Bourbon County
e~
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springs had FC/FS ratios indicating domestic animal
contamination. Spring B2 potentially received leachate
from the septic field of a house located above it. Twenty-
two percent of the samples from Spring B2 indicated
human contamination. These occurred shortly after the
vacant house was reoccupied.
The obvious source of contamination in Wells F4 and
F5 was dairy cattle. Twenty-four percent of the samples
from Well F5 pointed to human contamination, but it
may have been influenced by lateral flow from Stream
F3, which had FC/FS ratios exceeding 4.0 approximately
40% of the time.
All streams frequently had FC/FS ratios indicative of
human contamination. This was only likely in Stream
F3 where the sampling site was downstream from a
house. Seventy-seven a d 63 % of the samples in Streams
B5 and B6, respectively, were representative of the land
use-domestic cattle grazing.
The FC/FS ratio for Streams B5 and B6 increased as
temperatures increased uring spring (data not shown).
Von Donsel (1967) suggested that fecal coliforms sur-
vived better than fecal streptococci in summer and fall.
Greater growth and increased survival of fecal coliforms
in stream sediments compared with fecal streptococci
may also have elevated FC/FS ratios (Sherer et al., 1989,
1992; Stephenson and Rychert, 1982).
CONCLUSIONS
The fecal bacteria populations in shallow groundwater
and streamflow from these agricultural watersheds are
characteristic of nonpoint-source pollution in rural areas.
All sites frequently exceeded primary contact water qual-
ity standards; some greatly exceeded the standard. Since
these study sites represent land use and management
systems typical of central Kentucky, it is probable that
current water quality standards for shallow water sources
are frequently exceeded in this region.
F2 B5 B6 F3 F4 F5
Streams Wells
Site
Fig. 6. Percent of samples from each site with FC/FS ratios indicating specific contamination sources. The solid bars represent samples with a
ratio of <0.1, indicating wildlife contamination; the dotted bars represent samples with a ratio between 0.1 and 4.0, indicating domestic animal
contamination; and the Hned bars represent samples with a ratio >4.0, indicating human contamination.
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In Bourbon County, pastures were intensively grazed
and then fallowed. Consequently, fewer samples ex-
ceeded primary contact standards in Bourbon County
springs than in Fleming County where pastures were
continuously grazed. Different cattle management could
conceivably reduce fecal coliform concentrations and
make current water quality standards obtainable in ag-
ricultural runoff, although it is questionable whether
current water quality standards are applicable to agricul-
tural runoff when fecal indicator bacteria are used as the
principle criterion of water quality.
Our results indicate that groundwater contamination
can occur when a source of fecal bacteria is present.
However, a driving force like rainfall is required to
elevate fecal coliform concentrations in springs and
wells. Once deposition occurs in streams, increased sur-
vival and regrowth of fecal coliform in stream sediments,
with subsequent resuspension, may elevate fecal coliform
concentrations in the absence of cattle and rainfall.
In these management settings, monthly sampling ade-
quately reflected fecal contamination and the FC/FS ratio
appeared to distinguish between wild and domestic ani-
mal contamination of water. However, the FC/FS ratio
could not be used to unambiguously distinguish between
domestic animal and human sources of fecal contamina-
tion for a variety of reasons. The FC/FS ratio's use as
a regulatory rather than a diagnostic tool to identify
contamination sources would be questionable.
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